Abstract: This study aimed to evaluate the influence of alterations in pluviosity and ecological variables on microphytoplankton (> 20 µm) structure (composition, richness, diversity, and abundance) and its biomass (chlorophyll-a), comparing different regions in a stretch of the low Iguaçu River and in some tributaries. Phytoplankton was sampled in 10 stations (5 in Iguaçu River and 5 in tributaries) during a dry period (April/2004) and an atypical rainy period (June/2004). The conductivity showed significant difference among the sampling points. Temperature, dissolved oxygen, pH, silicate, and nitrate showed significant differences between the dry and wet periods. Phytoplankton was composed of 149 taxa, and the most representative class was Chlorophyceae (71 taxa), followed by Bacillariophyceae (35 taxa), and Cyanophyceae (25 taxa). During the rainy period, stations of Iguaçu River showed higher taxa number and total density compared to the tributaries, but the values were similar in the dry period. Tributaries presented higher diversity and equitability in both periods. Except by two stations in Iguaçu River, the higher taxa number, densities and biomass occurred in the dry period, associated to low levels of suspended matter. The canonical correspondence analysis indicated the dominance of Bacillariophyceae and Chrysophyceae in the rainy period related to nitrate and suspended matter. Two other groups were observed in the dry period: one formed by Cyanophyceae, Dinophyceae, and Rhodophyceae, related to temperature and nitrite and other by Euglenophyceae and Chlorophyceae related to total phosphorus and silicate. The groups suggest adequate conditions of the physical, chemical and climatic factors to the establishment of the algae classes. Phytoplanktonic assemblages responded quickly to the environmental regional variations under strong influence of pluviosity, while in the dry period, homogeneity among stations and environmental variables was observed. The importance of climatic events is relevant in ecological studies in a temporal scale.
Introduction
Phytoplanktonic communities of rivers, reservoirs, marginal lakes, and floodplains present an elevated number of species in tropical regions (Reynolds 1982; Silva et al. 2001 Silva et al. , 2005 . The microphytoplankton, focus of this study, includes species higher than 20 µm. Chlorophyceae, Bacillariophyceae, and Cyanophyceae are the main representative classes of this size group. These communities constitute the basis of the aquatic trophic chain and, consequently, anthropic alterations in aquatic environments promote changes in its structure and dynamics, as well as in other trophic levels (Odum 2004) .
In lotic environments, the phytoplankton tends to respond directly to the climatic and limnological variables, such as pluviosity, winds, water temperature, nutrients concentration, water transparency, among others (Tundisi & Straskaba 1999; Ferrareze & Nogueira 2006) , due to the continuous water flux. On the other hand, in reservoirs and other lentic environments, these responses are less evident because the water column is more stable, according to the size, depth, residence time, type of functioning of the system and others (Silva et al. 2005) .
In South America, most of the studies about the phytoplanktonic community were developed in artificial systems (e.g. Fernandes et al. 2005; Silva et al. 2005) . The Paraná River basin has the higher number of reservoirs in this continent, because almost all the large tributaries have reservoirs situated in some part of its stretch (Agostinho et al. 2007 ). Thus, even studies carried out in lotic stretches showed the influence of these constructions on flow rate regulation, reduction of suspended matter, and others (Ferrareze & Nogueira 2006; Domitrovic et al. 2007 ). Information about phyto- Nabout et al. 2006 ). In the Basin of Iguaçu River, studies about phytoplankton are still incipient and most of them are descriptive. In relation to the Segredo Reservoir, the studies of Ludwig & Flôres (1995 , 1997 about the diatom floristic, before and after damming can be cited, as well as of Borges et al. (2008) who studied phytoplankton structure and dynamics in samplings during 2002. Phytoplankton of all large reservoirs in this river was studied by Silva et al. (2005) .
Aiming to contribute to the phytoplankton knowledge in lotic stretches of the low Iguaçu River and some tributaries, comparative analyses of phytoplanktonic assemblages structure (composition, richness, diversity, and abundance) and its biomass (chlorophyll-a) were done. The hypothesis considered was that important variations occurred in the phytoplankton structure considering some ecological attributes (composition, richness, diversity, abundance, and biomass) during an intermediate period of time, influenced especially by climatic changes and ecological variables among the sampling river stations that differed from each other.
Material and methods

Study area
Iguaçu is one of the most important rivers for electric power generation in Brazil, with five large reservoirs that produce, in average, 6,550 MW. Due to the presence of the city of Curitiba and its metropolitan region (ca. 3.5 millions habitants) in the high stretch of Iguaçu River basin, an elevated degree of water quality deterioration is observed until its medium stretch. In the low stretch, the soil is very used in agro-pastoral activities, next to the Iguaçu River margins and also in most part of its tributaries. However, considering Gonçalves Dias River, it serves as a limit of the west side of Iguaçu National Park (Paraná State), and its right margin is totally composed by intact Atlantic Forest, represented by Seasonal Semideciduous Forest, Mixed Ombrophilous (Araucária Forest), and Alluvial Pioneer Formations. This park has an area of 185,262.20 ha, and is the largest forest reserve of the interior of Paraná state. In this region, Iguaçu River present a moderate to low water flux, rocky sediment, mean depth of 1 m, and width varying from 300-900 m. Elevated transparency is also observed, due to solid retention by five large reservoirs downstream. The water flux is regulated by the flow rate of the same reservoirs. The climate of this region is Cfa sub-tropical (Koppen) and generally two distinct periods are noticed: cool-dry (winter) and warm-wet (summer) (annual pluviosity mean from 1,500 to 1,700 mm per square meter).
Field sampling, laboratorial and statistical analysis Ten stations were sampled, 5 longitudinal in the Iguaçu River (totalizing 50 km) and 5 in the main four tributaries rivers of this region: Andrada (AN), Capanema (CA), Monteiro (MO), and Gonçalves Dias (GD), in two periods (April/2004-cool-dry period and June/2004 -atypical rainy period) (Fig. 1, Table 1 ). In each tributary, a sample station was established in the medium stretch to contrast to the Iguaçu River characteristics, and only Monteiro River was sampled in the headspring. In the tributaries, samplings were conducted in the middle of the channel and, in the Iguaçu River, in the lateral channels, evaluating the tributaries contribution.
Simultaneously to the phytoplankton samplings, some physical and chemical parameters were measured, such as temperature, pH, dissolved oxygen, conductivity, and turbidity, using a water analyzer Horiba U-10. Water samples (5L) were collected for evaluation of chlorophyll-a, nutrients (silicate, total phosphorus, nitrite, nitrate, and ammonium) and suspended matter. The chlorophyll-a concentration was determined filtering 500 mL of the sample. The extraction was made through manual maceration of the filters (Millipore AP40) in cold 90% acetone (Talling & Driver 1963) . Data of chlorophylla can be used as an indicator of phytoplankton biomass (Reynolds 1989) as well as of water quality classification in Brazil (Conama 2005) .
Silicate, total phosphorus, nitrite/nitrate, ammonium and suspended matter concentrations were measured by the methodologies of Golterman et al. (1978) , Strickland & Parsons (1960) , Marckereth et al. (1978) , Koroleff (1976) and Cole (1979) (gravimetric method), respectively.
For phytoplankton, unfiltered samples were collected in the middle of the channel of each sampling station at the subsurface (c.a. 1 m) (Van Dorn bottle), fixed and preserved in acetic lugol, which is especially used for quantitative analysis of the phytoplankton (Bicudo & Menezes 2005) . Qualitative samples were also collected filtering 50 L of surface water in a conical plankton net (20 µm), and these samples were fixed with 4% formalin.
The organisms were counted using an inverted optic microscope by the method ofÜthermol (1958) . Only microphytoplanktonic organisms were counted (> 20 µm). Optic fields randomly distributed were counted (400 × magnitude) per sample until the establishment of the richness phytoplankton curve. The counted unity was the individual (unicellular or colonies). The volume of the settled sample varied from 5 to 23 mL, depending on phytoplankton and detritus density. The sedimentation time was at least 3 hours per chamber centimeter (Margalef 1983) . Qualitative phytoplankton samples were analyzed using an optical microscope (1000 × magnitude) for organism identification. Specialized references were utilized, as Bourrelly (1968 Bourrelly ( , 1970 Bourrelly ( , 1972 , Sant'Anna (1984) e Parra & Bicudo (1995) .
Frequency occurrence higher than 70% was calculated to determine the dominant species. Ecological attributes (Shannon-Wiener diversity and Pielou equitability) (Krebs 1989) were used to evaluate phytoplanktonic assemblages structure, even spatially and temporally.
Phytoplanktonic class abundance data were correlated with ecological parameters through the Canonical Correlation Analysis (CCA) using the "R Cran Project" software. The data were log+1 transformed, except the pH values.
ANOVA test was used to determine variation differences between stations and sampling periods for ecological variables, after the application of normality test and homeocedastic variances.
The trophic state index of Carlson, modified by Toledo et al. (1983) for tropical region, was calculated with total phosphorus values and chlorophyll-a, in each sampled station. The transparency values were not included due to its low implication associated to the phytoplanktonic biomass which is directly proportional to the elevated mineral turbidity. Daily data of pluviosity per square meter was obtained to the city of "Capitão Leônidas Marques" for 2004, and values of 10 days before each sampling period were showed (Fig. 2) .
Results
Only conductivity showed significant difference among the sampling points (F = 5.91; p = 0.00), although the other ecological variables presented a conspicuous difference between the tributaries and the Iguaçu River (Fig. 3) . Dissolved oxygen in general was higher in the tributaries than Iguaçu River, but in the dry season an increase gradient for this variable was verified from IG-1 to IG-5 stations, similar to water temperature and pH. Furthermore, higher values of conductivity, silicate, total phosphorus, nitrite and nitrate were found in the tributaries, and ammonium, chlorophyll-a, and suspended matter in the Iguaçu River. Peaks of total suspended solids and chlorophyll-a occurred in IG-2 station and AN2. Temporarily, temperature (F = 262.97; p = 0.00), dissolved oxygen (F = 11.39; p = 0.00), pH (F = 5.88; p = 0.03), silicate (F = 15.95; p = 0.00), and nitrate (F = 8.71; p = 0.01) showed significant difference between the dry and the wet periods. Suspended matter, chlorophyll-a, nitrite, and total phosphorus did not show significant difference among stations and periods, presenting low variation. Ammonium showed difference between the periods, due to the IG-2 peak in the dry period. Temperature, pH, conductivity, silicate, total phosphorus, nitrite and chlorophyll-a values were higher in the dry period, and dissolved oxygen, nitrate and suspended matter were higher in the rainy period.
The oligotrophic condition predominated, so that few stations were classified as mesotrophic and eutrophic. Only the stations AN2 and IG2 were classified as eutrophic due to elevated chlorophyll-a levels (Fig. 3) .
In the samples, 149 phytoplankton taxa were identified. Table 2 presents the list of the most frequent species (higher than 70%).
The most representative classes were: Chlorophyceae with 71 taxa (48.6%), Bacillariophyceae with 35 taxa (23.2%), Cyanophyceae with 24 taxa (16.4%), Euglenophyceae with 10 taxa (6.8%), Rhodophyceae with 4 taxa (2.7%), Crysophyceae with 2 taxa (1.3%)
Temperature ( Fig. 3 . Ecological variables analyzed between stations and sampled periods (dry and rainy), and modified Carlson trophic state index value (Toledo et al. 1983 ). (O = oligotrophic, M = mesotrophic, E = eutrophic). Observe different scales. Fig. 4 . Taxa richness, algae density, Shannon-Wiener (H ) diversity, and equitability. and Dinophyceae with 1 taxa (0.6%). The Chlorococcales were dominant among Chlorophyceae, constituting 56.3% of the total identified taxa. In the dry period, the highest richness value was registered at IG2 station (70 taxa), and at CA3 station (78 taxa) (Fig. 3) . In the rainy period the highest richness value was observed at IG5 station (78 taxa). Comparing the richness between both periods, a distinction among the MO1, MO2, and CA3 was observed.
In April of 2004, the highest phytoplankton density peak was observed at MO1 station (5,187 ind mL −1 ), with dominance of Pseudanabaena mucicola (Hüb.-Pest. & Naum.) Bour. and Microcystis protocystis (Fig. 4) . The lowest abundance was observed at IG5 station (1,389 ind mL −1 ), where Pseudanabaena mucicola was also dominant, followed by Terpsinoe musica Ehrenb.
In the rainy period, maximum and minimum densities were observed, with the dominance of Bacillariophyceae (Fig. 4) . The highest density occurred in Iguaçu River at IG2 station (5,794 ind mL −1 ), with abundance peaks of Aulacoseira ambigua var. ambigua (Grunow) Simonsen and Aulacoseira granulata var. angustissima (O. Müll.) Simonsen. The lowest density was found at CA3 station (163 ind mL −1 ). Concerning the Shannon-Wiener diversity, in the dry period, the GD2 (3.09 bits) and IG2 station showed high diversity (3.01 bits) (Fig. 4) . The greatest diversity registered at IG2 station was influenced by species richness and at GD2 by higher equitability. The lowest diversity (1.94 bits) was found at MO2 station due to the dominance of Pseudanabaena mucicola (Fig. 4) . In the atypical rainy period, the stations of Iguaçu River presented lower indexes compared to the tributaries. The lowest diversity index observed at IG2 station (2.22 bits) can be attributed to low equitability and the dominance of Aulacoseira ambigua var. ambigua.
In the dry period, the highest equitability in Iguaçu River was registered at IG2 and IG3 stations (0.70) and at GD 2 station (0.74) (Fig. 4) . The lowest values were obtained at IG4 (0.62) and MO2 (0.49), when elevated densities of algae of the Cyanophyceae class, mainly Pseudanabaena mucicola.were registered In the atypical rainy period, the tributaries presented higher equitability compared to the Iguaçu River. The lowest value was found in Iguaçu River (0.78), with elevated densities of Bacillariophyceae and dominance of Aulacoseira ambigua var. ambigua and Melosira varians.
Cyanophyceae showed a high relative abundance (48%) in the dry period, followed by Chlorophyceae (31%), Bacillariophyceae (18%), Rhodophyceae (2%), and Euglenophyceae (1%) (Fig. 5) . Bacillariophyceae presented high abundance in the Iguaçu River. In this period, Rhodophyta occurred only in Iguaçu River. In the wet period, Bacillariophyceae showed a high abundance (73%) in all sampling points, followed by Chlorophyceae (13%) (except at CA3), Cyanophyceae (13%) and Rhodophyceae (1%). The CCA among the phytoplankton abundance and the ecological variables explained 68% and 22% in the first and second canonical variable, totalizing 90% (p < 0.05) (Fig. 6 ). Significant correlations (p < 0.1) were observed for temperature (r 2 = 0.66; p = 0.00), silicate (r 2 = 0.69; p = 0.00), suspended matter (r 2 = 0.47; p = 0.02), total phosphorus (r 2 = 0.37; p = 0.05), nitrate (r 2 = 0.39; p = 0.05), and nitrite (r 2 = 0.33; p = 0.08). A group of phytoplankton and ecological variables were present in the rainy period, and two in the dry period. The wet period was characterized by the Bacillariophyceae and Chrysophyceae classes. These classes were related to the high suspended matter and nitrate. The dry period was characterized by the Cyanophyceae, Euglenophyceae, Chlorophyceae, and Dinophyceae classes, related to silicate, temperature, nitrite, and total phosphorus. These two last variables were more related to the tributaries.
In the second canonical variable, Cyanophyceae, Dinophyceae, and Rhodophyceae were positively correlated with the tributaries AN2-Apr and CA3-Jun and some points in the Iguaçu River (IG1/IG5-April and IG1/IG5-Jun), with temperature and nitrite. On the other hand, Euglenophyceae and Chlorophyceae were associated to the MO1 and GD2 stations in April and total phosphorus. According to the Fig. 1 , the tributaries MO1 and GD2 had a noticeable effect on the Iguaçu River in both periods.
Discussion
The medium and low stretches of Iguaçu River, as well as of other large tributaries rivers of Paraná basin, present great seasonal ecological alterations in response to pluviometric frequency, marked generally by a dry winter and a wet summer. According to the rain distribution in the studied region, it was possible to note that the precipitation during this study was atypical, reaching higher values especially in the second sampling period.
Variations in the composition, abundance, and biomass of phytoplanktonic assemblages are influenced by meteorological factors, like precipitation, winds and temperature (Harris 1986; Dos Santos & Calijuri 1998; Melo & Huszar 2000; Calijuri et al. 2002) . Despite the rainy season studied occurred in an atypical period of winter, the response of the ecological attributes and environmental variables to the precipitation was immediate. It was observed phytoplankton dominance alternation, richness and absolute abundance variation, and decrease of chlorophyll-a that, according to Reynolds (1984) , are indications of quick response to the environmental variations.
This fact was also observed through the canonical correspondence analysis (CCA). This analysis clearly separated the studied periods, showing the dominance of different phytoplanktonic classes in each period associated to some ecological variables. In the dry period, the Cyanophyceae class reached the highest den-sity, even in Iguaçu River as in the tributaries, being related to temperature and nitrite, in contrast to Euglenophyceae, Chlorophyceae and slightly to Chrysophyceae and Bacillariophyceae that were related to total phosphorus, silicate and nitrate. In the atypical rainy period, Bacillariophyceae was the dominant family in those environments.
The dominance of Cyanophyceae in the dry period might be associated to the stable conditions of the water column. This class is known to be more abundant in the warm period and during more stabilized water column conditions. Despite of being common during all seasons and climates, this group is sensitive even to small abrupt changes (Reynolds 1997; Fernandes et al. 2005) . Its ability to stock phosphorous in the forms of polymers bodies and polyphosphates and to fix atmospheric nitrogen, allow their survivor in waters with different trophic states, maintaining its growth during periods after nutrient deficiency (Paerl 1988) .
The high turbulence caused by the increase of water flux and the low light penetration associated to an elevated concentration of suspended matter limited the growth of some species, such as Cyanophyceae, during the atypical rainy period. The increment of nutrient concentration and water flux promoted the development of some Bacillariophyceae and Chlorophyceae species as a possible response to the high concentration of dissolved oxygen in this period.
In the rainy period, centric and filamentous diatomaceans predominated, presenting an elevated number of reproductive forms, such as Aulacoseira auxospores. The centric diatomaceans are more abundant in the tropics than Pennales and tend to be dominant during water column mixing conditions (Reynolds 1997) .
In a previous study, carried out in the cascade reservoirs of Iguaçu River, Silva et al. (2005) found, through multivariate analysis, a clear separation between dry and rainy periods. It was also observed the occurrence of atypical local rains during the samplings, in both periods. The results found in the present study corroborate the seasonal effects, but are opposite to that found by the authors cited above considering the pluviosity. They verified higher densities of Cyanophyceae and Chrysophyceae in the rainy period (summer) and of Bacillariophyceae in the dry period (winter).
Considering algae composition, the precipitation also strongly influenced species richness at stations MO2 (27 taxa) and CA3 (24 taxa), probably acting as a carrying and a disturbing factor of the aquatic communities. In contrast, in both periods, some nonplanktonic species showed elevated frequency occurrence, such as Lyngbya major and Audouinella violacea. Due to the low depth of sampling stations and the moderate to fast characteristics of the flow, these and other accidental algae taxa found in the plankton could be resuspended and transported, and consequently, collected frequently, but in low abundance.
The number of registered taxa in the present study was elevated compared to the study of Silva et al. (2005) that found 91 taxa in the cascade reservoirs of Iguaçu River. This fact is attributed to the lotic stations sampled, since Silva et al. (2005) sampled only dam zones of the reservoirs. De León & Chalar (2003) found 187 taxa in the Salto Grande reservoir (Uruguay River), also calling attention to the lotic regions, as well as Nogueira (2000) in the mouth and intermediate zones of the Jurumirim Reservoir (SP). Other studies pointed out that higher richness is found in lotic or semi lotic environments, such Silva et al. (2001) that found 162 species in Corumbá River (GO) and Ferrareze & Nogueira (2006) that observed 205 species in Paranapanema (SP/PR) River. Chlorophyceae, Bacillariophyceae, and Cyanophyceae presented higher taxa numbers. The dominance of these classes was also verified in the upper, medium and low stretches of Iguaçu River (Fernandes et al. 2005; Ludwig & Flôres 1997; Silva et al. 2005) . Silva et al. (2005) also registered the dominance of Cryptophyceae which was found in low densities in the present study probably due to the lotic stations analyzed. This class tends to increase in lentic environments with low water flux and high water transparency (Reynolds 1984) .
Chlorophyceae is the most diverse algae class, contributing with almost half of phytoplankton genera observed in tropical aquatic ecosystems (Bicudo & Menezes 2005) . Most species are found in all water bodies of tropical and temperate regions, however, it can become a secondary group compared to the biomass of Cyanophyceae and Bacillariophyceae, occurring in low densities (Happey-Wood 1988) .
Phytoplankton richness, diversity, and absolute abundance were higher in the tributaries than in Iguaçu River, in the dry period (marked by low concentration of suspended matter and water flux), because these tributaries are from different areas with distinct urban and agricultural characteristics. Their waters have higher nutrient concentrations and trophic states compared to Iguaçu River and its downstream reservoirs, allowing the development and diversification of several phytoplankton species.
In general, homogenous analyzed tributaries as the ones of Iguaçu River presented low values of trophic state indexes. The limnological variables showed moderate values, tending to increase in the rainy period when abrupt changes might increase the allochthonous nutrients loads transported.
Phytoplankton presented spatial and temporal differences, confirming immediate responses of its attributes to climatic, physical and chemical variations, especially suspended matter that presented different values. Despite not reflecting in the phytoplanktonic assemblages, GD2 together to MO1 and MO2 stations, presented low concentrations of suspended matter, even during strong precipitation events, probably because of the intact forest found in Iguaçu National Park. However, in Monteiro River, elevated values of conductivity, total phosphorus, nitrite, and nitrate were found, suggesting the presence of punctual sources of effluents release.
Finally, it is important to emphasize that atypical event, even if punctual and not so intense, can induce significant alterations in the environment and its communities. Climatic atypical events should be taken into consideration in aquatic ecology studies, since in this particular case; the winter period was not as dry as it uses to be.
